There is an ambiguity in Amartya Sen's capability approach as to what constitutes an individual's resources, conversion factors and valuable functionings. What we here call the "circularity problem" points to the fact that all three concepts seem to be mutually endogenous and interrelated. All three are entangled and it can be conjectured that some functionings are resources for the achievement of other functionings, some resources can be conceived to be actually valuable functionings, and both could be conversion factors in the achievement of other functionings. To econometrically account for this interdependency we suggest a panel vector autoregression approach. We analyze the intertemporal interplay of the above factors over a time horizon of fifteen years using the BHPS data set for Great Britain, measuring individual well-being in functionings space with a set of basic functionings, comprising "being happy", "being healthy", "being nourished", "moving about freely", "being well-sheltered" and "having satisfying social relations". We find that there are indeed functionings that are resources for many other functionings (viz. "being happy") while other functionings are by and large independent, thus shedding light on a facet of the capability approach that has been neglected so far.
Introduction
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an either micro or macro basis (Sen, 1984 (Sen, , 1985a : the empirical literature on functioning measurement has happily focussed on different, often ad hoc ranges of functionings and established several competing ways of measuring how well individuals are able to convert their resources into functioning achievement (see Kuklys, 2005 , for a quite recent survey on the plethora of different studies). These exercises have not been slowed by still ongoing debates on unresolved issues of what to consider as valuable functionings or whether and how to aggregate several of them into one comprehensive measure of achieved functioning. There is, however, a vexing problem that has so far been neglected, which results from the way key concepts in the capability approach are related to each other: one central tenet of the approach is that individuals achieve valuable functionings through the conversion of resources they command, subject to intervening conversion functions (and conversion factors). While conceptually clear cut, the relation between resources, functionings and their conversion is empirically less clear, since some functionings might be considered resources for other functionings, some resources might be actually considered functionings and so on. This problem, which we call the "circularity problem", refers to an entanglement (or endogeneity) of these concepts that cannot easily be resolved. Consider the functioning "being in good health." Clearly, an individual's health seems to be influenced by that individual's material resources (Smith, 1999; Gardner and Oswald, 2004) . But then, achievement in this dimension would also affect the individual's resources (sick individuals might not be able to pursue a job, see Arrow, 1996) . Similarly, "being in good health" has an influence on "being happy", but the reverse also holds (Easterlin, 2003) . Now consider the functioning "being educated". Here, too, an individual's education can be conjectured to be influenced by resources. But education can also have an influence on resources (individuals having invested in higher education tend to have better jobs and earn more money, see Becker, 1964) . Moreover, the achievement in this dimension might strongly influence functioning achievement in the health dimension (better educated individuals tend to live healthier life-styles, see Grossman, 2005) . This entanglement is exemplary for the more general problem that it is not altogether clear what an individual's functionings are and what the individual's resources are. The more functionings one looks at, the more interdependencies between them and the resources side can be expected (this also pertains to conversion factors that might be considered either resources or functionings in different contexts). Econometrically speaking, this creates the difficulty of deciding which factors should be on which side of the regression equation.
The preceding discussion highlights two important insights: First, in exploring individuals' functionings achievement, one has to deal with a complex interplay of causal relationships, which are often badly understood. Second, the dynamic interplay of these factors has to be analyzed in more detail. While existing research mainly focuses on a limited set of functionings, it neglects the complex interaction between these and other variables, especially their intertemporal development. We may need to consider several different time lags to appreciate the richer structure of the dynamics of individual functioning achievement and possible feedback effects. While the circularity problem has been recently recognized as troubling the empirical measurement literature (Anand et al., 2005, p. 53) , to our knowledge we are the first to offer a suitable methodology to address this issue.
What we suggest is using a framework to analyze the leads and lags in the interplay between different functionings, conversion factors and resources. Panel studies exist in the capability literature, and are important because they allow us to remove individual-specific effects, thus providing more reliable identification of individual responses to changes in lifestyle and living conditions. This paper combines these two elements -time lags and panel data techniques -using 'reduced-form' vector autoregressions, a technique that has not been applied previously to the capability approach. By looking at what functioning, conversion factor or resource at one point in time has an influence on what functioning or resource at later points in time, we are able to analyze the lead and lag associations and hence examine the co-evolution of the variables in question.
Examining the bigger picture of this complex co-evolutionary process, we describe the dynamics of resources, conversion factors and functionings. A related contribution of this paper lies thus in its focus on human life experiences as complex evolving processes. We consider functionings and resources to be interdependent and mutually endogenous. We look at the co-evolution of a relatively large number of variables, allowing each to be associated with each other over a number of time lags. In this way, we take a more global view on the sources, processes, and dynamics of well-being in functionings space.
The paper is structured as follows. In section 2 we briefly present the capability approach. Section 3 is devoted to a discussion of the circularity problem and a methodology we deem well-suited to deal with it, namely a vector autoregressions approach. Section 4 then presents an empirical illustration of our approach. We use the British Household Panel Survey data set (BHPS) because it offers a rich variety of indicators for functioning achievement over a large temporal interval. For this exposition, we use well established and uncontroversial resources (income), conversion factors and (basic) functionings such as "being happy", "being healthy", "being nourished", "moving about freely", "being well-sheltered" and "having satisfying social relations" (of which the latter two are only available for a shorter time interval in our model). We explore the dynamics of these functionings and test the robustness of our findings for different subgroups. Section 5 concludes.
The Capability Approach
Amartya Sen's capabilities and functionings approach is an evaluative framework to assess individual welfare (Sen, 1984 (Sen, , 1985a (Sen, ,b, 1992 . In this account, living is seen as consisting of a set of functionings, which could be described as different aspects of life, or the achievements of an individual. They give us information about what a person is and what she does. For an assessment of a person's well-being, Sen proposes not only "being happy" (as in the utilitarian tradition) but other intrinsic values as well: other functionings are for example "being nourished", "avoiding premature mortality" (Sen, 1992, p. 39) or "being in good health", "being well-sheltered", "being educated" or "moving about freely" (Kuklys, 2005, p. 10) , making the approach multi-dimensional as a person's state of being (and her individual activities) is a vector of functionings. This intuition has been formalized by Sen (1985a) : 1 a vector of functionings can be described in set-theoretic notation as
where b, the vector of functionings is defined by the following elements: x ∈ X is a vector of commodities out of the set of all possible commodities (or more generally: resources) X. This includes expressis verbis non-market goods and services as well.
x is mapped into the space of characteristics (Lancaster, 1966) via the conversion function c(•) so that c = c( x) would be a characteristics vector of a given commodity vector x. The characteristics of a commodity do not vary across individuals, i.e. they are the same for everyone. What does vary, however, is the way individuals can benefit from the characteristics of a commodity. Think of a person who possesses a loaf of bread. Someone suffering from a parasitic disease would benefit less from the characteristic "caloric content" than someone being well-fed (Sen, 1985a, p. 9) . This is reflected by the conversion function of an individual f i ∈ F i that maps a vector of characteristics into the space of functionings (F is the set of all possible conversion functions). This conversion is influenced by the conversion factors z k , where we can distinguish individual ( z i ), social ( z s ) and environmental ( z e ) influences (Kuklys, 2005, p. 11 (Sen, 1985a) . When choosing what way of life to live, a person chooses, depending on her idiosyncratic preferences, from different functioning vectors. The set of all feasible functioning vectors for a person i is this person's capability set Q i . It is a derived notion and represents the person's opportunities to achieve well-being, reflecting the various functionings that are potentially achievable (given her constraints X i , z k ). This set can now be defined as
The capability approach has been devised with a certain openness regarding the selection of a set of valuable functionings. While Sen favours this openness and stresses the deliberative social dimension that is involved in choosing a set of valuable functionings, other authors have promoted lists of functionings that supposedly reflect a common consensus of what is valuable (e.g. Nussbaum, 2000) . Note that this indeterminacy of the approach has resulted in an empirical measurement literature that often measures welfare over an ad hoc range of different functionings. Moreover, most of the empirical approaches do not work at an individual level but use macro level data. A second difficulty lies in measuring the actual capability to function (for an attempt to do so see Anand et al., 2005; Anand and Hees, 2006) , but also the empirical examination of conversion factors and functions has received comparatively less attention in the literature (but see Binder and Broekel, 2008; Deutsch et al., 2003) .
Vector Autoregression Methodology
What most of the literature on the capability approach crucially neglects is the fact that all of the main variables, functionings, resources and conversion factors, are in fact interrelated and mutually endogenous. As stated in the introduction, the achieved functioning "being in good health" seems to be influenced by an individual's resources (Smith, 1999; Gardner and Oswald, 2004) , but the achievement in this dimension would also affect the individual's resources (Arrow, 1996) . Similarly, an individual's education might be influenced by resources, but education has also an influence on resources as individuals with higher education tend to earn more money. Moreover, the achievement in this dimension might strongly influence functioning achievement in the health dimension (better educated individuals tend to live healthier life-styles, see Grossman, 2005) .
Similar interdependencies seem to exist for all conceivable functionings: it is well understood that "being happy" is associated with the functioning "having fulfilling social relations" (e.g., Myers, 1999) , with marriage being the most important (one could also think of marriage as a conversion factor of an individual, however). Similarly, happiness is associated with being in good health (Easterlin, 2003) and to a certain degree happiness also seems to depend on an individual's resources (Oswald, 1997; Stevenson and Wolfers, 2008) . But this one-way identification would neglect that "being happy" is itself an important determinant of how healthy we are, how successful we are in social relations, and probably even how large our resources (income) are (Graham et al., 2004; Lyubomirsky et al., 2005) . Basically, when examining any of the relationships between the above variables, there are competing hypotheses as to which direction the causal arrow points and explanatory hypotheses exist that could explain both directions. Coming back to our earlier example regarding the interplay between "being happy" and "being healthy", Easterlin (2003) notes that it is not sure "which way the causal arrow runs: from health to life satisfaction or from life satisfaction to health" (p. 11177).
In fact all these variables are interrelated and mutually determined. It is our opinion that it is not realistic to view one variable as the exogenous stimulus and the other as the outcome. While an individual's well-being is the outcome for some variables, it is also a determinant of other variables. It would be better to view different variables as inextricably linked together and co-evolving over time. We aim to take a more complete, comprehensive view of the phenomenon in question by considering interactions between all of these main variables. We aim to better describe the procedures and dynamics of individual functioning achievement and the channels through which life events affect well-being in functionings space. In this context of complex interactions and mutually endogenous variables, we argue that an appropriate statistical technique for such a system would be a reduced-form vector autoregression. While a vector autoregression approach has been recently employed in the subjective well-being literature to analyze the interplay between happiness and social relations and various other factors (Becchetti et al., 2008; Binder and Coad, 2009) , we want to make a case that this methodology can also be of considerable use within a broader, more complex, welfare framework such as the capability approach. Following on from the preceding discussion and our outline of the capability approach in section 2, we will later identify a system of interdependent variables (to wit, a set of "basic functionings", resources and the most common conversion factors), to which we will apply a vector autoregression model in order to better describe the co-evolution of these variables.
While we are guided by theory in selecting these resources, conversion factors and functionings, the techniques we employ do not force us to assume specific causal relationships. We thus analyze how changes in these variables are associated with changes in the other variables. Although our focus on intertemporal associations is similar in spirit to 'Granger-causality,' we cannot guarantee the true causal nature of the relationships between the variables. 2 In macroeconomic applications of VARs, a precise understanding of the causal relations between variables is required to ensure that an exogenous policy shock to one variable will have the expected effects on other variables. In this paper, however, we have no strong policy recommendations concerning how an exogenous stimulus to one variable will affect other variables. Instead, we merely seek to describe the dynamic processes of the evolution of functionings and resources over time. At this preliminary stage of investigation, this methodology seems to be judicious.
Time-invariant individual effects and time lags
While early studies on functioning achievement were mostly cross-sectional analyses, scholars are becoming increasingly aware of the drawbacks of making inferences from crosssectional data (Anand et al., 2005) . One of the main statistical problems facing this body of research stems from the existence of time-invariant individual-specific components (also known as 'fixed effects') in outcome variables. Fixed effects are an important feature in contexts where most of the variance in functioning achievement is between individuals at a specific cross-section in time, rather than within individuals over time (this plays a role for functionings such as "being happy", see Lykken and Tellegen, 1996) . As a result, a longitudinal approach is to be preferred to a cross-sectional one, and individual-specific fixed effects need to be allowed for. In this paper, we control for fixed effects by taking first differences of the main variables: functioning achievement for individual i at time t can be broken down into a time-invariant fixed effect µ i and a transitory component it :
By taking first differences, we can remove the influence of the time-invariant effect µ i and thus remove any misleading influence that µ i might have on the regression results. This is not unimportant in the case of achieved functionings such as "being happy" since subjective wellbeing does not only have state-like but also trait-like properties (Diener et al., 1999, pp. 279-80) , thus being dependent not only on situational influences but also on stable personality and genes (Lykken and Tellegen, 1996) .
While levels of functioning achievement are affected by both the fixed effect µ i and the transitory component it (equation (3)), changes in functioning achievement can be expressed purely in terms of changes in the transitory component (i.e., ∆ it ; see equation (4)).
Removing the fixed effect in this way can be problematic if there is measurement error in the variables, because taking differences may amplify the noise to signal ratio in the data set. As a result, there may be a small downward bias in the magnitudes of our coefficient estimates. Nonetheless, in our data set we have a large number of observations which should help in the identification of the coefficient estimates. In addition, in section 4.3 we investigate the robustness of our results in a number of directions.
When moving from cross-sectional to longitudinal data sets, the study of the time lags between key variables should also receive increasing attention. This might shed light on different dynamics present in the functionings variables, for example the effects of rising aspirations levels regarding some achievements or adaptation to achieved functionings levels. A case in point would be the functioning "being happy": as is well known from happiness research, individuals easily adapt to the happiness that good things bring them over time (Frederick and Loewenstein, 1999) . As a result, both short-term and longer-term effects need to be investigated. It is important to note that the traditional approaches mentioned in the previous subsections are restricted to the analysis of one dependent variable (such as achieved functioning "x") without the possibility of endogenizing more variables in the same integrative framework, as would be allowed with the VAR methodology suggested in the present paper. Our analysis includes a number of time lags both before and after life events in order to appreciate the richer structure of the dynamics of individual well-being in functionings space.
The model
Our regression equation is the following:
where b is a vector containing our main endogenous variables in functionings space (t − s referring to the number of lags examined): X corresponds to a vector of control variables that are supposedly exogenous (i.e. age, gender, region, year dummies, etc.). β is a matrix of dimension 5 × 5 (7 × 7 in the model using the shorter time-period) and contains our main coefficients of interest. The coefficients in γ, relating to the control variables, are estimated in all regressions, but for the sake of space they are not reported in our results tables. ε corresponds to the usual residual error term. Put differently, each of the main variables has a turn at being the dependent variable, with lags of all main variables among the independent variables. Each variable is seen as a function of lagged values of itself and each other variable.
Data and Findings

Data set and functioning selection
The British Household Panel Survey (BHPS) is a longitudinal survey of private households in Great Britain, undertaken by the ESRC UK Longitudinal Studies Centre with the Institute for Social and Economic Research at the University of Essex, UK (BHPS, 2009). Its aim is to track social and economic change in a representative sample of the British population (for the following and more information on the data set, see Taylor, 2009 ). The BHPS started as a nationally representative sample of 5,000 households, where adults (being of age sixteen and over) were interviewed and tracked over the years. The sample comprises about 15,000 individual interviews. Starting in 1991, up to now, there have been 17 waves of data collected with the aim of tracking the individuals of the first wave over time (there is a percentage of rotation as some individuals drop out of the sample over time and others are included, but attrition is quite low, see Taylor, 2009) . The BHPS data contains information on various areas of the respondents' lives, ranging from income to jobs, household consumption, education, health, but also social and political values. In contrast to many approaches in the capability literature, we are thus using micro level data in our analysis.
We have already hinted at the theoretical problems related to selecting a list of functionings. From an empirical point of view, it has to be noted that there is quite a large amount of overlap between the different lists of functionings that are suggested in the literature; what often differs are indicators selected to capture functioning achievement, due to different data availability (Qizilbash, 2002) . 3 In constructing a suitable set of functionings, we face a trade-off between being able to track individuals in the panel over a long time horizon versus increasing the breadth of the set of functionings examined. The BHPS offers a rich variety of indicators for different functionings, but many indicators for functionings have not been elicited in many different waves. We have thus chosen to examine two different model specifications, one that tracks individuals and their functionings achievement in a smaller number of functionings over the full sample horizon (model 1) and a model specification that includes additional functionings but only over about half the sample horizon (model 2).
To construct a set of "basic functionings" we chose different indicators for the six functionings "being happy", "being healthy", "being nourished", "moving about freely", "being well-sheltered" and "having satisfying social relations", of which the latter two are only available for the shorter model. All of these have been always prominent candidates in empirical studies on the capability approach and figure in many multidimensional welfare measures (Alkire, 2002b,a; Anand et al., 2005) . We also examine "material well-being", which can be a functioning, or as it is seen most often, it can be the proxy for the commodity vector in the capability framework (see section 2). Another functioning that is often used in the approach and that has a high theoretical plausibility is "being educated". Although we would have liked to include this as a functioning in our analysis, the indicator that could be used to capture it (an individual's highest education level, see below) exhibits only the tiniest variance in its rate of change in the sample. While it would be inappropriate to use it as a dependent variable (i.e. expressed in differences), we use the education level as a control variable, thus treating it effectively as a conversion factor of an individual.
We will now discuss the indicators chosen to reflect our functionings as well as control variables that represent different conversion factors. Table 1 gives an overview of the descriptive statistics for the more extensive (longer) model specification. 4 As we are using unbalanced panel data from 1991 to 2006 (waves 1 to 16), we have a total of 154, 300 obser-vations after cleaning the panel: we had to drop one year because the coding of one of the variables was changed, and we discarded individuals who have not reported the indicators we use, leaving us effectively with 15 waves of data. Taking the changes in variables, we have 112, 765 observations, yielding 59, 927 observations for use in the regressions with the long model of lag length 2. Due to the nature of the data set, first differences are between years so that the lag structure is on an annual basis. To assess "being happy" (happiness), we have decided on using the well-known GHQ-12 measure which tracks the individual's assessment of "mental well-being" as a proxy of happiness or subjective well-being. 5 This concept of mental well-being is relatively similar to the better known happiness measures. It is, however, more encompassing as it also relates to mental health. It is an index from the 'General Health Questionnaire' of the BHPS, composed of the answers to 12 questions that assess happiness, mental distress (such as existence of depression or anguish), and well-being. This subjective assessment is measured on a Likert scale from 0 to 36, which we have recoded to values of one (lowest well-being) to 37 (highest scores in mental well-being). This proxy is widely used in the psychological literature (for more details on this indicator see, e.g., Gardner and Oswald, 2007; Shields and Wheatley Price, 2005; Clark and Oswald, 2002) . Note that we implicitly interpret our well-being measure as cardinal in using an OLS regression in the panel VAR (besides we use OLS for the income variables and continuous health, social and shelter variables in the models). This is justified for two reasons. First, such an interpretation is common in the psychological literature on well-being, and it has been shown that there are no substantial differences between both approaches in terms of the results they generate (Ferrer-i Carbonell and Frijters, 2004) . 6 Second, as our measure of well-being has 37 outcomes, the supposition of a cardinal underlying latent variable does not really seem problematic.
Turning to our measure of "material well-being" (income), which can be either seen as resource or functioning achievement, we have decided to use net equivalised annual household income (in British Pound Sterling), before housing costs and deflated to price level of 2008, as provided and detailed by Levy and Jenkins (2008) . As equivalence scales, we have opted for applying the widely accepted McClements scale (McClements, 1977) . 7 Such an income measure has been extensively discussed in our context of the BHPS (Burchardt, 2005; Kuklys, 2005) . In accordance with practice in the literature, we use the logarithm of the income measure in our analysis, assuming that it is the relative proportional change in income, rather than the absolute change in the amount of income, that is the relevant quantity for relating changes in income to changes in other variables.
To measure "being healthy" (health), we have chosen to use a mixture of subjective and objective indicators of health. For the former, we focus on an individual's subjective assessment of health (during the last 12 months). This is ordinally scaled on a five point Likert scale, ranging from 'excellent' (five) to 'very poor' (one). 8 Subjective assessments of health seem to predict objective health quite well in some cases (e.g., regarding morbidity). Whether objective health is sufficiently well captured by subjective health assessments is still debated (Johnston et al., 2007) . In order to account for more objective aspects of individual health, we also included the number of days spent in hospital, the number of visits to a general practitioner as well as the number of serious accidents in the previous year (see the extensive descriptive statistics in Table 8 in the appendix).
While the aggregation of different indicators into one comprehensive functioning achievement measure is by no means trivial, we have opted for a simple Principal Component Analysis (PCA) for the aggregation exercise. Such a type of analysis has been used in the capability literature to aggregate functioning indicators as well as multiple functionings (e.g., Roche, 2008; Lelli, 2005; Klasen, 2000) . Using this type of analysis is very convenient in our context, as this econometric procedure allows the data to determine the weights when aggregating the indicators for our functionings, thus not forcing us to stipulate ad hoc some artificial weighting scheme about which indicators should be given which weight. Via PCA, we can summarize the information of different indicators into one measure that contains the largest possible part of the variance of the indicators; in other words, it accounts for the cardinal values equally divide up the response space (Praag, 1991; Clark et al., 2008) . As opposed to this, the differences in results between model specifications that account for fixed effects and those which do not are substantial (Ferrer-i Carbonell and Frijters, 2004) . 7 The choice of an appropriate equivalence scale also seems to matter much when assessing poverty or income inequality (Buhmann et al., 1988) . Future research could thus examine to what extent our results are robust with regard to the choice of such a scale. A second issue would be to assess to what extent noncash incomes such as subsidies for education or health services distort an individual's income (Smeeding et al., 1993) . Such transfers are to a degree already reflected in the way our income measure is calculated (see Levy and Jenkins, 2008) .
8 As in the case of well-being, we have reversed the numerical order of the Likert scale to consistently use higher values for higher 'achievement' in these domains. The original coding in the BHPS codes a value of one to be excellent health and five to be very poor health. Note further that in the 1999 wave, a different coding of this indicator has been used. Since comparability between the different scalings is nontrivial, we have chosen to discard the observations of this wave to have a more consistent panel at our disposal.
(empirically) largest share of variation in all components. 9 The overall functioning "being healthy" is thus a continuous variable, derived from a PCA. With this measure, we can account for ρ = 44.43% of the underlying indicators' variance. To further explore its goodness of fit, we calculated the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy for the indicator (0.6227), which is acceptable. Finally note that these proxies are similar to the ones employed in other studies on functioning achievement (e.g., Lelli, 2001; Kuklys, 2005) .
The functioning "being nourished" (f ood) can be approximated by the household weekly expenditure on food and grocery items. In the BHPS, this is measured in 12 categories (ranging from "under 10" to "160 or over" in GBP). 10 This is admittedly a crude indicator, but it nevertheless offers a first approximation of this functioning which is otherwise not easily captured in this data set (on the relevance of this functioning see also Qizilbash, 2002, p. 468) .
The functioning "moving about freely" (mobility) can be approximated by information on whether the household members have access to a car or van to move about at leisure. The number of cars available to household members is measured semi-cardinally on a scale from 0 to 3, where numbers correspond to numbers of cars except for the highest category, which denotes three or more cars. The same measure has been used by Robeyns (2006, p. 262) .
For the two additional functionings "being well-sheltered" (shelter) and "having satisfying social relations" (social), we have again computed a composite measure using PCA. For "being well-sheltered", we also use a mix of objective and subjective indicators. We use an individual's satisfaction with her housing situation as a proxy. This is measured on a seven point Likert scale, where 1 denotes "not satisfied at all" and 7 denotes the individual is "completely satisfied". A second subjective indicator would be whether an individual "likes the present neighbourhood" (binary variable). The objective indicators comprise the number of rooms of the individual's house or flat as well as a variety of 11 possible housing problems. Such indicators are often used in the literature to approximate the underlying functioning (see Deutsch et al., 2003; Kuklys, 2005; Robeyns, 2006) . While the BHPS is a rich source for assessing the quality of a person's home based on answers to questions concerning "lack of space", "rot in walls, floors etc.", "leaky roof" and so on, such an indicator alone would have only a small variance and thus would not be suited for the analysis (the low variance might be due to overall quite favourable housing conditions in Great Britain). 11 Our measure of "being well-sheltered" accounts for ρ = 40.13% of the indicators' variance. Overall, our measure of housing quality also exhibits an acceptable KMO measure of 0.5976.
The final functioning we look at is "having satisfying social relations" (social) and we use an individual's satisfaction with her social relations as an indicator for functioning achievement in this dimension, as well as two questions regarding the amount of contact to family, friends and neighbours (an index based on similar questions is used by Lelli, 2001; Ramos and Silber, 2005; Robeyns, 2006) . The former is measured on a seven point Likert scale, where 1 denotes "not satisfied at all" and 7 denotes the individual is "completely satisfied". The latter are ordinal scaled variables regarding the "frequency of talking to neighbours" and the "frequency of meeting people" (0 to 5, ranging from "never" to "on most days"). One could also include further objective indicators like the number of activities in organizations or answers to questions on whether the individual has persons to rely on in times of stress (e.g., as in the studies of Deutsch et al., 2003; Ramos and Silber, 2005) , however, these indicators are only available for short time spans in the BHPS. Our overall functioning measure is again computed via PCA and accounts for ρ = 41.29% of the indicators' variance. It yields an acceptable KMO measure of 0.5471.
The last category of variables concerns the (mostly individual) conversion factors, which we include in our analysis. These comprise of gender, age, and age 2 (note that we use the squared difference between age and mean-age instead of age 2 in order to avoid problems of multicollinearity) as well as some dummies regarding disability, being unemployed and individual marriage status (focussing on being separated, divorced or widowed) as a selection of some of the most important individual factors influencing achieved functioning (a similar set of factors was used also by Chiappero-Martinetti and Salardi, 2007) . We have also added year dummies and a regional control variable for environmental conversion factors (the regional control variable distinguishes former Metropolitan Counties and Inner and Outer London areas). Of our sample, 53.2% were female. The mean age is 45.185 years (s.d. 18.501) with maximum age at 99 years and minimum age at 15 (younger individuals were not interviewed in the BHPS).
As alluded to above, we also conceive of "being educated" as a conversion factor represented by an individual's highest level of education. This is measured ordinally, ranging from one ('none of these') to seven ('higher degree'), giving intermediate values to the middle education levels. 12 This scale is widely used in the literature and education certainly seems to be an important functioning (Kuklys, 2005; Chiappero-Martinetti and Salardi, 2007; Ramos, 2008) , the fact of which is highlighted by its prominent role of being one of the indicators of development in the HDI (UNDP, 2006) . However, using first differences of education levels in preliminary analyses has shown that this measure lacks the requisite variance to be meaningfully applied within our regression framework. In other words, in our sample which focuses on British adults, education levels were empirically quite stationary and did not change much. 13 We feel thus justified in treating education predominantly as a conversion factor that influences the other functionings but is rather not influenced (over the time period under consideration) by achievement in the other dimensions. This can be seen as a first result of our co-evolutionary methodology, intended to clarify the interplay between different factors. In Table 2 , we report pairwise correlations between our indicators for the changes in the main and control variables. The correlations of most of our indicators, except for gender, are highly statistically significant. The correlations in differences are rather small in effect, the highest two correlations being between change in health and change in well-being (r = 0.1426), possibly due to the incorporation of some (mental) health aspects in the concept of mental well-being. There is also a high correlation between change in mobility and being nourished (r = 0.1520). 14 It is noteworthy that all (significant) correlations between our main variables (changes in subjective well-being, health, income, being nourished and mobility) are positively associated. This is different with the control variables, where age is negatively correlated with most of the main variables (except for change in well-being, where the correlation is not significant), while education is positively correlated with the main variables (except for change in well-being, where the correlation is not significant). The gender control variable shows no significant association with any of our many variables.
Note that the correlations in Table 2 are in differences (pairwise correlations of levels can be found in Table 7 in the appendix). The pairwise correlations in levels are quite similar to those found in other studies (on the same data set, see Deutsch et al., 2003; Ramos and Silber, 2005) . The low correlation of log equivalised income with some of the other variables shows that these other dimensions of well-being do indeed capture important information on individuals' well-being that cannot captured by income variables. Such low correlation also suggests that income might not be an important resource for many relevant other functionings (however, income and both food and mobility functionings show high positive correlation, of which at least the former correlation might be explained by the way we measure functioning achievement "being nourished", i.e. via food expenditures). Due to the simplistic nature of this correlation analysis, this can be only a first approximation and one should probably not put too much emphasis on these correlations. For instance, these simple correlations do not include the relevant control variables. Moreover, note the differences between the pairwise correlations in both different model specifications (Table 2 and Table 6 ).
As an additional investigation of potential multicollinearity, we inspected the VIF diagnostics for the following VAR(2) model, which were all satisfactory. This lends further support to the validity of our regression methodology.
Results and discussion
The main findings of our vector autoregressions are summed up in Table 3 (for the long model 1) and in Table 4 (the short model 2). While we report the three-lag specification for model 1 in the appendix (Table 9) , we focus in our interpretation of the results on the two-lag specification and disaggregate the findings by gender (Table 10 and Table 11 in the appendix). Although the results table may appear daunting at first sight, it is nonetheless easy to read. Each row of the results table corresponds to a regression, with the dependent variable being indicated in the first column. For example, the first row shows a regression in which the dependent variable is change in "being happy", and the independent variables are changes in happiness, income, health, food status and mobility, which are included as explanatory variables, at both one and two lags. Towards the end of the row, coefficients for some control variables can be found as well as the corresponding R 2 statistic. The dependent variable for the second row is change in income, and so on.
Due to the exploratory nature of our study, focusing on the signs instead of the absolute coefficient magnitudes seems to be the conservative choice. To begin with, the results are quite similar in the variables we have common in both model specifications. Throughout our data, we also observe negative autocorrelation for each of our variables. 15 This is exhibited on the diagonals of the tables. If, for example, well-being increased the previous period, it is less likely to increase this period. This can be interpreted as evidence for adaptation effects, where individuals adjust to their new sources of well-being so that further increases are less likely (Frederick and Loewenstein, 1999) . This is consistent with the view that happiness is not a random walk, but characterized by fluctuations around an individual-specific level, the so-called set-point theory of happiness (Lykken and Tellegen, 1996) . Table  3 : Regression results of a two-lag vector autoregression, full sample period, estimated via OLS (the reported results are OLS coefficients and t-statistics). Asterisks denote significance levels 95%(*), 99%(**) and 99.9%(***). The equations where changes in "being nourished" and "moving about freely" are the dependent variables are estimated via ordered probit estimator (reported are ordered probit coefficients and z-statistics). For each regression we have 59, 927 observations. are OLS coefficients and t-statistics). Asterisks denote significance levels 95%(*), 99%(**) and 99.9%(***). The equations where are the dependent variables are estimated via ordered probit estimator (reported are ordered probit coefficients and z-statistics). Control variables are included in the regressions but not reported here. For each regression we have 15, 587 observations. When turning to the functioning "being happy", we can confirm several findings from the happiness literature: perhaps quite strikingly, positive changes in this functioning have a positive effect on the other functioning achievements in subsequent periods (this effect is more pronounced for the first than the second lag). This is consistent with recent results on the beneficial effects of happiness on important life domains (Lyubomirsky et al., 2005; Binder and Coad, 2009 ). In the context of the capability approach, we can add that one's subjective well-being is in a certain sense also a resource for an individual when it comes to higher functioning achievement for the health, food and mobility functionings. Positive changes in happiness are also followed by increases in income, however, this effect disappears in the disaggregation when focussing only on the female subsample. The positive influence of subjective well-being on health is also strikingly robust over all models and time lags. This can also be due, in part, to the fact that our well-being variable measures a broad mental well-being construct.
On the other hand, positive changes in the other functionings are followed by a decrease in mental well-being, except in the case of health and the social functioning in our model 2. Thus, while it can be seen that changes in mental well-being are positively and significantly related with all other functionings (see the contemporaneous correlation table, Table 2 ), the introduction of a time lag into the analysis shows that this does no longer hold in the intertemporal context, presumably due to adaptation processes related to the adjustment of well-being.
While income is mostly treated as a resource in the capability framework, our analysis reveals that (log equivalised) income is itself influenced by the changes in the achievement of other functionings. Beside the above-mentioned positive influence of increases in mental well-being on income (both in the first and second lag), individuals' income is positively associated with positive changes in the mobility functionings (lags 2 and 3). Scoring higher on the mobility dimension has thus beneficial consequences for individuals' financial situation (mobility is a resource to achieve higher "material well-being"). This effect cannot be found in the male subsample, but is present for females. An explanation of this finding could be a mobility gender gap. If males have already achieved high levels of functionings achievement for mobility, additional improvements would no longer have an impact on their financial situation. In other words: you might get a (better) job if you have (at least) one car at your disposal, but additional cars have no longer an effect here. Such an explanation is in line with existing findings that less women have access to cars than men (Robeyns, 2006) , and it is also observed in our panel data, where the mobility functioning (approx. the number of cars) for men is on average 1.32 and for women 1.15.
Increases in the functioning "being nourished" are, on the contrary, negatively associated with changes in (log) income (also pertaining only to lags 2 and 3). Here this effect is robust with respect to the male subsample but not the female subsample. It is not at all clear how such improvements in one's food functioning should negatively bear on one's financial condition. 16 Finally, and in accordance with existing literature, changes in income have manifold effects on changes of the other functionings: increases in income do positively influence the aforementioned food and mobility functionings (over most lags and in a quite robust fashion). This is not surprising and does not warrant much explanation: higher incomes of an individual can be used to purchase larger quantities of higher quality food. A similar rationale holds regarding mobility. On the other hand, increases in income are followed by decreases in health and happiness. For the latter, this points to an explanation in terms of hedonic adaptation or rising aspiration levels that accompany increases in income (Frederick and Loewenstein, 1999) . Why increases in income should be also associated with a deterioration of an individual's health in this intertemporal fashion is less clear. It might be possible that one's focus on work and having a career (and thus rising incomes) leads to a comparative neglect of health issues. But this explanation cannot account for the finding that the negative association between changes in income and health is absent in the male subsample but present for the female subsample. Further research might fruitfully explore this phenomenon. Functioning achievement "being healthy" is also a resource for certain functionings. It positively affects mental well-being (although the effect is not robust for the subgroups). Increases in health in lag 2 also are associated with higher mobility in the present, pointing to longer term effects of health on mobility. There is a negative association, however, with health and subsequent food functioning for females. It is difficult to explain this effect from our data and further investigation into this relationship is certainly necessary. The finding is especially puzzling since there is also a reverse effect that increases in food functioning achievement are followed by increases in health (the effect here is stronger for females than males).
The functioning "moving about freely" is (except for the negative autocorrelation) only positively affected by other functionings. Besides the interactions discussed already above, it is worth mentioning that increases in the food functioning in both previous periods lead to an increase in mobility (a finding that is robust through the different subgroups and models). Being adequately nourished is thus also a prerequisite for higher mobility (one could conjecture about an indirect effect here through better health, but since we control for health this effect we capture is a direct one). But the effect is also reverse: increases in the mobility functioning are positively associated with increases in the food functioning. This also is a direct effect (an individual with higher mobility has better access to food).
In contrast to the full sample horizon analysis of model 1, we can see that a shorter analysis with the two more functionings did not add much information. For the functionings common in both models, there are no reversed signs, although some of the significant results of model 1 are not present in the shorter model 2 (e.g., the positive influence of subjective well-being on the other functionings is not as strong in model 2, where "being nourished" and "material well-being", i.e. income, are no longer significantly positively influenced by "being happy"). Moreover, the social and shelter functionings are relatively isolated and do not interact in many ways with the other functionings. 17 For the functioning "having fulfilling social relations", we note that these are associated with a subsequent increase in mental well-being. That is, we find that more social individuals tend to reap benefits in terms of their subsequent happiness, a finding also known from the subjective well-being literature (Myers, 1999) . This effect is absent in the male subsample but can be found for females, maybe attributable to gender roles that put relatively more weight on the cultivation of social skills of females. Vice versa, increases in mental well-being are found to be followed by increases in the social functioning. Happier individuals tend to also be more successful in social matters. Interestingly, here the gender disaggregation differs in that this effect is found in the male subsample but not in the female subsample. The interplay of these two functionings over time thus show a marked difference between the two genders. By this we extend a finding of Robeyns (2006) , who found a gender gap, with women more socially skilled, in a similarly coded social functioning (in a cross-section of the BHPS). A last finding regarding social functioning achievement is that an increase in living conditions is followed by increases in social achievement, one of the few effects where this functioning interacts with other functionings.
Concerning the aforementioned shelter functioning, it is probably worth noting that for the male subsample, improvement in the functionings "social relations","being in good health" and "moving about freely" are followed by decreases in living conditions two periods later, maybe suggesting that males do give higher priority to scoring on these functionings and neglect their dwelling conditions as a consequence (model 2, male subsample, corresponding result table not reported here). But overall, changes in housing thus do not influence -and are not influenced by -the other functionings, probably due to the fact that the housing conditions in the U.K. are already quite satisfactory (which can be seen in the low number of problems that individuals' flats and houses have, see Table 8 , appendix). But this also shows that the functioning "being well-sheltered" can be analysed comparatively better independent of other functionings in our data.
Robustness analysis
We explore the robustness of our previous findings in a number of ways. A natural way to do so is analysing the co-evolution of our variables of interest for various subgroups. We chose to focus here on subgroup analyses related to subgroups that might be disadvantaged by important life-events. This concerns the disabled, as well as individuals that are separated, divorced or widowed. 18 Overall, the analysis for the latter subgroups suffered from the relatively low number of observations in differences which we had at our disposal. We report the subsample vector autoregressions in the appendix (Table 12 and Table 13 ) and focus here on a short discussion of some of the findings for the subgroup with disabilities. Studies in the capability literature show that disabled individuals need much higher incomes to achieve comparable levels of functionings achievement as healthy individuals (Zaidi and Burchardt, 2005; Kuklys, 2005) . These disparities are not reflected in the equivalence scales applied to such analyses. We can contribute to this by reporting that we cannot find many of the temporal associations that changes in equivalised income on the full sample exhibited (see Table 12 , appendix). This pertains to negative associations (for the disabled, increases in income do lead to lower subjective well-being only with a longer time lag) but also to positive associations (no longer positive effects of income on the food functioning). The positive effect of income on mobility, however, did stay present in this subsample. An explanation for this could lie in the different adaptation level disabled individuals are on: to the extent that they are jaded or hardened by their fate, it takes comparatively higher changes in income to either positively or negatively affect their other functionings (no matter in what direction).
A second observation pertains to the relationship between income and health, where we find that increases in health in lag 2 are followed by a decrease in current income. It could be conjectured that for this disadvantaged subgroup, improvements in health are literally bought at the expense of their material well-being, however, it is not clear how this would come about: even if healthcare is expensive and medical services were not fully covered by health insurance, this might not have a bearing on the income variable as it is used in this study. While these findings also reinforce the findings of the above studies that the disabled need much higher incomes to achieve comparable functioning achievement levels, further research might be necessary to explain this relationship.
To the extent that our robustness tests yield similar estimates as our main models, we think of this as a confirmation of the robustness of the main findings. For the subgroup analyses regarding being disabled, or separated, divorced or widowed, we can summarize our results as showing that these groups do not differ significantly in the ways functioning achievement influences other functionings and resources. That is, none of the intertemporal relationships discussed above are reversed for these subgroups. However, many of the relationships discussed above cannot be reproduced in these subsamples. We hasten to add that the absence of evidence should not be mistaken for evidence of absence, and thus the findings pertaining to effects not present discussed in this subsection might also be a result of the much smaller sample sizes. Furthermore, we have been focussing here on the intertemporal dynamics of these variables, not their absolute (or relative) levels. What we thus do not dispute is that these subgroups might exhibit significantly different absolute levels of functioning achievement: achievement levels have been shown to differ significantly for these subgroups in other studies (e.g. Kuklys, 2005) .
Conclusion
In the present paper, we have argued that the capability approach is incomplete regarding the relation of its key concepts: one central tenet of the approach is that individuals achieve valuable functionings through the conversion of resources they command, subject to intervening conversion functions (and conversion factors). While conceptually clear cut, the relation between resources, functionings and their conversion is empirically less clear, since some functionings might be considered resources for other functionings, some resources might be actually considered functionings and so on. This problem, which we called the "circularity problem", refers to an entanglement (or endogeneity) of these concepts that cannot be easily resolved. Such an entanglement is exemplary for the more general problem that it is not altogether clear what an individual's functionings are and what the individual's resources are. Econometrically speaking, this creates the difficulty of deciding which factors should be on which side of the regression equation. While this circularity problem has been 20 recently recognized as troubling the empirical measurement literature (Anand et al., 2005, p. 53) , to our knowledge we are the first to offer a suitable methodology to address this issue (i.e. reduced-form vector autoregressions).
We have suggested using a framework to analyze the leads and lags in the interplay between different functionings, conversion factors and resources. This paper has combined two elements -time lags and panel data techniques (i.e. taking differences in longitudinal data to remove fixed effects) -using vector autoregressions, a technique that has not been applied previously to the capability approach, to examine what functioning, conversion factor or resource at one point in time has an influence on what functioning or resource at later points in time. By this, we were able to analyze the lead and lag associations and hence examine the co-evolution of the variables in question. Examining the bigger picture of this complex co-evolutionary process, we were able to disentangle the interplay between resources, conversion factors and functionings. In this way, we took a more global view on the sources, processes, and dynamics of well-being in functionings space. While we are guided by theory in selecting these resources, conversion factors and functionings, the techniques we used did not force us to assume specific causal relationships: we analyzed how changes in these variables are associated with changes in the other variables.
Using the BHPS data set for a time horizon of fifteen years, we were able to shed light on the diverse interactions between commonly analysed functionings and resources. We found that income is not only a resource but also a functioning that benefits from positive changes in other functionings, for example "being happy", turning the latter effectively into a resource for the former. On the other hand, there are also functionings that stand more isolated in the analysis, which suggests that these can be more easily analyzed independently of their interactions with other variables. Overall, our analysis shows that it is important to be aware of these intertemporal interactions between resources and functionings in the capability framework in order to better understand the multiple dimensions of human well-being and their co-evolution over time.
Further work would do well to apply this framework to data on developing countries (subject to data restrictions). There would be different themes here. While food expenditures are often associated with obesity in developed countries, they are more closely related to malnutrition in developing countries. Also, opportunities are probably more evenly distributed among individuals in developed countries, but in developing countries it might be the case that the poor are hindered in many ways from leading an economically active life (e.g. prohibitively expensive schooling and healthcare, the caste system, and so on). Further work would also benefit from focusing on younger individuals (so that education is not fixed), given that development at a very early stage in life has long-term effects for later life.
Date: May 18, 2010; ca. 9,600 words Table 11 : Regression results of a two-lag vector autoregression, full sample period, females, estimated via OLS (the reported results are OLS coefficients and t-statistics). Asterisks denote significance levels 95%(*), 99%(**) and 99.9%(***). The equations where changes in "being nourished" and "moving about freely" are the dependent variables are estimated via ordered probit estimator (reported are ordered probit coefficients and z-statistics). Control variables are included in the regressions but not reported here. For each regression we have 32, 014 observations. Table 12 : Regression results of a two-lag vector autoregression, full sample period, disabled subsample, estimated via OLS (the reported results are OLS coefficients and t-statistics). Asterisks denote significance levels 95%(*), 99%(**) and 99.9%(***). The equations where changes in "being nourished" and "moving about freely" are the dependent variables are estimated via ordered probit estimator (reported are ordered probit coefficients and z-statistics). Control variables are included in the regressions but not reported here. For each regression we have 4, 994 observations. Table 13 : Regression results of a two-lag vector autoregression, full sample period, separated/divorced/widowed subsample, estimated via OLS (the reported results are OLS coefficients and t-statistics). Asterisks denote significance levels 95%(*), 99%(**) and 99.9%(***). The equations where changes in "being nourished" and "moving about freely" are the dependent variables are estimated via ordered probit estimator (reported are ordered probit coefficients and z-statistics). Control variables are included in the regressions but not reported here. For each regression we have 10, 976 observations. 
